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INTRODUCTION 

Cook I n l e t  is a l a r g e ,  t i d a l l y  dominated ernbayment ex tend ing  300 km 
n o r t h e a s t  from t h e  Gulf of Alaska t o  Anchorage (F ig .  1 ) .  From 1976-1979, over  
5000 k m  of s e i s m i c  r e f l e c t i o n  p r o f i l i n g  l i n e s  (F ig .  2 )  were run i n  t h e  lower 
I n l e t ,  which i s  i n c l u d e d  i n  OCS l e a s e  a r e a  60. Seismic  systems used i n c l u d e d  
30-160 k i l o j o u l e  s p a r k e r ,  Uniboom, min i sparker ,  3.5 k i l o h e r t z ,  12 k i l o h e r t z  
and s ide -scann ing  sonar  systems. More t h a n  20  hours  of underwater t e l e v i s i o n  
and 70 mm bottom photography were conducted. Samples of s e a f l o o r  sediment 
were c o l l e c t e d  a t  116 s t a t i o n s  (Fig .  3,  Table  I ) ,  mostly u s i n g  a modi f ied  
van Veen sampler and a  few u s i n g  a g r a v i t y  c o r e r  and a v i b r a c o r e r .  P r o f i l i n g  
c u r r e n t  meter r e a d i n g s  were a l s o  t aken  a t  3 l o c a t i o n s .  

T h i s  r e p o r t  is a  s y n t h e s i s  of geo log ic  in format ion  of environmental  
importance t o  r e s o u r c e  a c t i v i t i e s  i n  lower Cook I n l e t .  

INSTRUMENTATION AND PROCEDURES 

Naviqa t ion  

N a v i g a t i o n a l  systems c o n s i s t e d  of i n t e g r a t e d  Magnavox s a t e l l i t e - L o r a n  C 
and Motorola Mini-Hanger u n i t s .  The d a t a  from t h e  i n t e g r a t e d  system was 
a u t o m a t i c a l l y  recorded  on magnetic t a p e ,  a s  w e l l  a s  typed o u t  on a  keyboard 
p r i n t e r .  Times and d a t e s  were based on Greenwich Mean Time (GMT). P o s i t i o n s  
were p l o t t e d  manually on a  1:250,000-scale c h a r t ,  Dead-reckoning p o s i t i o n s  
based on s a t e l l i t e  d a t a ,  t h e  s h i p ' s  s i n g l e - a x i s  speed l o g  and gyro,  were 
computed every two seconds by t h e  i n t e g r a t e d  system and s t o r e d  on magnetic 
t a p e .  

The Mini-Ranger system r e c e i v e d  i t s  r e t u r n  s i g n a l s  from shore-based 
t r a n s p o n d e r s  p o s i t i o n e d  a t  s t r a t e g i c  l o c a t i o n s .  A maximum l i n e - o f - s i g h t  ranye 
over  80 n a u t i c a l  mi les  was o b t a i n e d  for  some t ransponder  l o c a t i o n s .  The Mini- 
Ranger was used a s  t h e  primary n a v i g a t i o n  system i n  lower Cook I n l e t  because 
of t h e  high f requency and accuracy of t h e  d a t a .  Mini-Ranger p o s i t i o n s  i n  
lower Cook Inlet a r e  probably  a c c u r a t e  t o  w i t h i n  30 m. Most shore  s t a t i o n s  
were w i t h i n  range l i m i t s  of t h e  Mini-Ranger system making it conven ien t  t o  
use.  LORAN-C was on ly  a c c u r a t e  w i t h i n  smal l  a r e a s  of t h e  i n l e t  and s i g n a l  
gaps occur red  between a d j a c e n t  s e c t i o n s .  

Se i smic  P r o f i l i n g  and V i s u a l  Format Systems 

Sparker :  Sparker  data w e r e  r ecorded  u s i n g  a Teledyne system, t y p i c a l l y  a t  a 
power of 40 t o  80 k i l o j o u l e s .  Seismic  s i g n a l s  were r e c e i v e d  on a Teledyne 
100-element, s ing le -channe l  hydrophone, and t h e  r e c o r d  was p r i n t e d  on a 
Raytheon model 1900 P r e c i s i o n  Recorder.  Usua l ly ,  sweep f i r i n g  r a t e s  were a t  2 
t o  3 seconds.  S e v e r a l  d i f f e r e n t  s e t t i n g s  were used, bu t  f i l t e r s  g e n e r a l l y  
were a d j u s t e d  t o  r e c e i v e  s i g n a l s  between 50 and 200 h e r t z .  Records w e r e  
a n n o t a t e d  a t  15-minute i n t e r v a l s  wi th  sho t -po in t  number, t ime  (Greenwich Mean 
Time, GMT) , and water  depth. 

Uniboom: The Uniboom system used f o u r  EGbG model 234 power sources  of 
200 jou les ,  each d r i v i n g  hull-mounted p l a t e s .  The hydrophone was an EG&G 



1 2 .  G h t a  wars recorded  on EPC 4100 r e c o r d e r .  Sweep and f i r i n g  
r a t e s  were t y p i c a l l y  a t  one-half second, and f i l t e r  s e t t i n g s  a t  abou t  500 t o  
1600 h e r t z .  Annota t ions  were made i n  t h e  same manner a5 t h o s e  on t h e  s p a r k e r  
system. 

High- reso lu t ion :  A Raytheon TR-109 3 .5 -k i loher tz  s e i s m i c  system, wi th  a 
Raytheon 105 PTR t r a n s c e i v e r  and CESP-11 c o r r e l a t o r ,  was used t o  g a t h e r  high- 
r e s o l u t i o n  sha l low-pene t ra t ion  s e i s m i c  d a t a ,  a s  w e l l  as bathyrnetry. The 
system o p e r a t e d  wi th  12 hull-mounted t r a n s d u c e r s ,  and t h e  d a t a  were recorded  
on an EPC 4100 r e c o r d e r .  Sweep and f i r i n g  r a t e s  were a t  one-half second. 
Annota t ions  were made i n  t h e  same manner as t h o s e  on t h e  Uniboorn system. 

Bathymetry: A Raytheon TK-73A t r a n s d u c e r  and a Raytheon 105 PTR t r a n s c e i v e r  
12-k i loher tz  sys tem was used t o  g a t h e r  ba thymet r ic  d a t a ,  which were d i s p l a y e d  
on a d i g i t a l  r eadout  and recorded on magnetic t ape .  Sweep and f i r i n g  r a t e s  
t y p i c a l l y  were a t  1/2 second, and a n n o t a t i o n s  w e r e  made t h e  s a m e  as  f o r  t h e  
o t h e r  a c o u s t i c  systems. 

Record q u a l i t y :  Four f a c t o r s  t h a t  s i g n i f i c a n t l y  a f f e c t e d  q u a l i t y  of t h e  
seismic recods  w e r e  1 )  the t y p i c a l l y  coarse -gra ined  and hard  n a t u r e  of t h e  
u n c o n s o l i d a t e d  s u r f i c i a l  sediment,  2) t h e  shal low wate r  depth  throughout  most 
of t h e  a r e a ,  3 )  a c o u s t i c  v i b r a t i o n s  from t h e  v e s s e l ,  and 4 )  rough s e a s .  

Coarse-grained and hard sediment most s e v e r e l y  e f f e c t e d  t h e  Uniboom and 
3.5-kHz r e c o r d s ,  c a u s i n y  much of t h e  ou tgo ing  energy from t h e s e  high-frequency 
sys tems  t o  be r e f l e c t e d  d i r e c t l y  f r o m  t h e  s e a  bottom w i t h  only a minor amount 
p e n e t r a t i n g  through t o  subbottom r e f l e c t o r s ,  which can be t r a c e d  and 
c o r r e l a t e d  on ly  wi th  d i f f i c u l t y .  Many 3.5-kHz r e c o r d s  show no sign of 
subbottom r e f l e c t o r s  and can be used on ly  as i n d i c a t o r s  of water  depth .  

The shal low wate r  depth  caused m u l t i p l e s  t o  appear  a t  smal l  d i s t a n c e s  
below t h e  i n i t i a l  sea-bottom r e f l e c t i o n ,  p a r t i a l l y  o r  t o t a l l y  o b s c u r i n g  
s i g n a l s  from deeper r e f l e c t o r s .  

Although t h e s e  f o u r  f a c t o r s  each have a d e l e t e r i o u s  e f f e c t  on r e c o r d  
q u a l i t y ,  it was found by vary ing  s h i p  speed and f i l t e r  s e t t i n g s  t h a t  t h e  
n a t u r e  of t h e  bottom sediments  was t h e  main reason  f o r  t h e  s e i s m i c  systems t o  
d i s p l a y  "poor" subbottom a c o u s t i c  r e f l e c t i o n s  on t h e  r e c o r d s ,  Depth of 
p e n e t r a t i o n  and d e t a i l s  i n  the r e c o r d  consequent ly  v a r i e d  wi th  t y p e  of bottom 
and wate r  depth.  

Side-scanning sonar :  The s ide -scann ing  sonar  u n i t s  used were EG&G ana log  and 
d i g i t a l  models, normal ly  o p e r a t e d  a t  a  125-m s c a l e  and towed above t h e  bottom 
a t  10% of t h e  s c a l e  employed. High q u a l i t y  r e c o r d s  were g e n e r a l l y  ob ta ined .  
Although most s ide -scan  sonar  su rveys  were run a t  a  s h i p  speed of 4 t o  
4.5 k n o t s ,  c u r r e n t s  cou ld  be r e s p o n s i b l e  for a d i f f e r e n t  speed over  the 
bottom. 

Normally t h e  Uniboom and 3.5-kHz u n i t s  were run s imul taneous ly  w i t h  s i d e -  
scanning sonar  f o r  depth  c o n t r o l  and p o s s i b l e  subbottom in format ion .  



Bottom t e l e v i s i o n  and bottom camera: A Hydro Products  bottom t e l e v i s i o n  u n i t ,  
underwater mercury l i g h t s ,  and a 70-mm camera were mounted i n  a l a r g e  frame. 
Photographic exposures could be made by remote c o n t r o l  by t h e  TV-screen 
observer .  A multiconductor cab le ,  l ead ing  t o  t h e  camera and l i g h t ,  was taped  
a t  5-m i n t e r v a l s  t o  the winch cable .  

Samplinq Devices 

Grab samplers: The normal van Veen grab sampler proved t o  be too  l i g h t  fo r  
adequate sampling of t h e  t y p i c a l l y  sandy-gravelly bottoms. General ly ,  
succes s fu l  a t tempts  were obtained with a heavy modified grab sampler designed 
by Andy Soutar  of Scsipps I n s t i t u t i o n  of Oceanography. 

A four-legged frame housed two v e r t i c a l  rails along which t h e  a c t u a l  qrab 
could move. The top covers could be opened completely f o r  f u l l  access .  The 
a d d i t i o n  of weight up t o  400 pounds on top  of t he  grab provided s u f f i c i e n t  
fo rce  f o r  t he  half-round s i d e s  t o  d ig  i n t o  coarse  ma te r i a l  during t h e  c l o s i n g  
opera t ion .  When rock fragments got caught between t h e  jaws of t he  qrab, 
incomplete c lo su re  r e s u l t e d  and p a r t  o r  a l l  of t h e  sample was l o s t .  I n  
genera l  t h e  r e s u l t s  were good, and t h i s  instrument  r e t r i e v e d  samples where 
o the r  devices  f a i l e d .  

Gravi ty  corer :  The g rav i ty  co re r  cons i s t ed  of a 1500-pound weight t o  which 
one t o  t h r e e  3-m, 7.6-cm I D  s t e e l  core b a r r e l s  were a t tached .  A c l e a r  
po lybutyra te  l i n e r  was i n s e r t e d  i n  the b a r r e l s ,  and the  sediment was r e t a i n e d  
by a brass - f ingered  core ca t che r .  

The cores  were cu t  i n t o  1.5-n s ec t ions .  Each sec t ion  was x-rayed and 
then s p l i t  lengthwise i n t o  working and a rch ive  halves .  From the  working h a l f ,  
samples were taken f o r  g ra in  s i z e  and phys ica l  p rope r t i e s .  The a rch ive  half  
was descr ibed  and photographed. Both s e c t i o n s  were put  i n t o  s to rage  tubes  
t h a t  were capped, taped,  l a b e l l e d ,  and stored under r e f r i g e r a t i o n .  

Vibracorer :  A Kie l  v ibracore  was used t o  c o l l e c t  up t o  2 m continuous co re s  
i n  a r ea s  with coarse-grained sediment. A g r av i ty  core-type b a r r e l  was 
a t t ached  t o  t h e  head of t h e  v ibracore  along with a c l e a r  po lybutyra te  l i n e r .  
Pene t r a t i on  normally was l e s s  than one mter. 

Phys ica l  Oceanographic Measurements 

P r o f i l i n g  cu r r en t  meter: V e r t i c a l  p r o f i l e s  of flow speed and d i r e c t i o n  were 
obtained with a Hydro-Products model 950-S Savonius rotor- type p r o f i l i n g  
c u r r e n t  meter. l 'h is  meter system has a f i e l d  performance accuracy es t imated  
as &5 cm/sec f o r  c u r r e n t  ve loc i ty ,  & l o 0  f o r  d i r e c t i o n ,  and +Z rn f o r  depth.  

Instrumented t r ipod:  Large inst rumented bottom t r l p o d  systems, GEOPKOBEs 
(Cacchione and Drake, 19791, were deployed a t  t h r e e  l o c a t i o n s  wi th in  t h e  s tudy 
reg ion  i n  J u l y  of 1978. Detai ls  and r e s u l t s  of t he se  experiments a r e  repor ted  
elsewhere (Cacchione and o the r s ,  1979, 1981 1. These experiments were des i  yned 
t o  gather  s i t e - s p e c i f i c  bottom boundary layer hydrodynamic and water property 
data .  Two short- term experiments and one long-term experiment were 
undertaken. 



The GEOPKOBE sys tem measures f low v e l o c i t i e s  and flow d i r e c t i o n s  a t  f o u r  
l e v e l s  w i t h i n  one meter of t h e  s e a f l o o r  (100 cm, 70 cm, 50 cm and 20 cm) u s i n g  
s p h e r i c a l  e l e c t r o m a g n e t i c  f low s e n s o r s .  The system a l s o  r e c o r d s  p r e s s u r e ,  
t empera tu re ,  l i g h t  t r a n s m i s s i v i t y  and l i g h t  s c a t t e r i n g  a t  a h e i g h t  of 2 m from 
t h e  s e a f l o o r .  A supplemental  ro to r /vane  c u r r e n t  meter recorded  f low 
v e l o c i t i e s  and d i r e c t i o n s  a t  1.8 m from t h e  bed. 

GEOLOGIC SETTLNG 

Lower Cook I n l e t  is  s i t u a t e d  near  t h e  convergent  maryin of t h e  North 
America and P a c i f i c  l i t h o s p h e r i c  p l a t e s .  Modern t e c t o n i s m  is e v i d e n t  from t h e  
f r e q u e n t  s t r o n g  ea r thquakes  i n  t h e  a r e a ;  13 e v e n t s  of g r e a t e r  t h a n  magnitude 6 

have o c c u r r e d  w i t h i n  t h e  lower Cook I n l e t  a r e a  i n  t h e  l a s t  65 years .  The f o u r  
a c t i v e  volcanoes  a long  the  nor thwest  margin of t h e  i n l e t  a r e  f u r t h e r  evidence 
of t e c t o n i s m  (Fig .  1 ). A l l  bu t  M t .  Douglas have e r u p t e d  i n  h i s t o r i c  t ime.  
The most r e c e n t  e r u p t i o n  was t h a t  of M t .  Augustine i n  1976. C l u s t e r s  of 
shal low and deep s e i s m i c i t y ,  w i t h  some magnitudes exceeding 6, have been 
recorded  beneath  I l i amna ,  Augustine and Douglas volcanoes  (Pulpan and K i e l e ,  
1979 1, 

Basement rocks  under ly ing  lower Cook I n l e t  i n c l u d e  Mesozoic and Cenozoic 
sedimentary  rocks  i n  a n o r t h e a s t - t r e n d i n g  b e l t  t h a t  ex tends  from t h e  Alaska 
P e n i n s u l a  and She l ikof  S t r a i t  t o  upper Cook I n l e t  (Fig .  4; s e e  F i s h e r  and 
Magoon, 1978, Magoon e t  a l . ,  1979).  The A l e u t i a n  Range b a t h o l i t h  and Bruin  
Bay f a u l t  a r e  major geo log ic  f e a t u r e s  on t h e  nor thwest  s i d e  of t h e  i n l e t ,  and 
t h e  Border Ranges f a u l t  on t h e  southwest .  

Within  t h e  i n l e t  a major f o l d ,  t h e  Augustine-SeLdovia a r c h ,  ex tends  
approximately  eas t -west  between Augustine I s l a n d  and Se ldov ia .  Basement rocks  
b o t h  n o r t h  and sou th  of t h e  a r c h  a r e  f o l d e d  i n t o  l a r g e  s y n c l i n e s  t h a t  
g e n e r a l l y  t r e n d  n o r t h e a s t .  

PHYSICAL OCEANOGKAPfIY 

Flow of wa te r  i n  lower Cook I n l e t  has  been d e s c r i b e d  i n  terms of t h r e e  
components: 1 )  mean c u r r e n t s ,  2 )  low-frequency f l u c t u a t i o n s ,  and 3 )  t i d e s  
(Muench e t  a l , ,  1978; Muench and Schumacher, 1980).  Mean flow is d r i v e n  
p r i n c i p a l l y  by t h e  b a r o c l i n i c ,  w e s t e r l y  f lowing  Kenai C u r r e n t  (Schumacher and 
Reed, 19801, which e n t e r s  lower Cook I n l e t  through Kennedy and Stevenson 
Ent rances  and f o l l o w s  t h e  100-m i s o b a t h  i n  an a r c u a t e ,  eas t - to-west  p a t h  
(F ig .  5 ) .  Speeds of t h e  mean f low are about  10-15 cm/sec i n  t h e  summer and 
about  twice  t h i s  i n  t h e  w i n t e r .  Flow d e r i v e d  from f resh-wate r  i n p u t  t o  upper 
Cook I n l e t  moves southward down the west  s i d e  of t h e  i n l e t  and meryes wi th  the  
w e s t e r l y  f low near  Cape Douglas, producing a s t r o n g  s o u t h e r l y  c u r r e n t  t h e r e .  
Mean flow i n  t h e  remainder of lower Cook I n l e t  is  weak and v a r i a b l e .  

Low-frequency f l u c t u a t i o n s ,  w i t h  p e r i o d s  on t h e  order of one week, 
dominate over  o t h e r  non- t ida l  c u r r e n t s  i n  lower Cook I n l e t  (Muench and 
Schumacher, 1 9 8 0 ) .  These c u r r e n t s  a r e  thought  t o  be r e l a t e d  t o  a tmospher ic  
f o r c i n g ,  i n  p a r t i c u l a r  l o c a l  winds and t h e  s t r o n g  low-pressure systems that 
move th rough  t h e  Gulf of Alaska i n  w i n t e r .  The f l u c t u a t i o n s  t e n d  t o  f o l l o w  
t h e  same p a t h  a s  t h e  mean flow. 



T i d e s  a r e  t h e  dominant f low mechanism i n  lower Cook I n l e t .  T i d a l  
c u r r e n t s  of 2 t o  4 k n o t s  i n  wes te rn  p o r t i o n s  have been r e p o r t e d  ( s e e  
Rappeport ,  1981).  Tidal c u r r e n t  d i r e c t i o n s  on t h e  e a s t  s i d e  of t h e  i n l e t  a r e  
n e a r l y  r e c t i l i n e a r ,  whereas on t h e  w e s t  t h e y  a r e  more r o t a r y  (Muench e t  a l . ,  
1978 1. 

Rappeport  (1980) summarized t h e  wave c l i m a t e  of lower Cook I n l e t .  Large 
sweL1, bo th  l o c a l l y  genera ted  and p ropaga ted  i n t o  t h e  i n l e t  from t h e  Gulf of 
Alaska,  can e x i s t .  Storm waves wi th  h e i g h t s  between 8 and 14 f e e t  and p e r i o d s  
between 6 and 10 seconds  a r e  t y p i c a l .  Under t h e s e  c o n d i t i o n s ,  wave o r b i t a l  
v e l o c i t i e s  g r e a t e r  t h a n  20 m / s e c  a r e  e s t i m a t e d  t o  a f f e c t  t h e  s e a f l o o r  t o  
dep ths  of a t  l e a s t  50 m. 

BATHYMETHY AND PHYSIOGRAPHY 

A d e t a i l e d  ba thymet r ic  map of lower Cook I n l e t  has  been p r e s e n t e d  by 
Bouma e t  a l .  ( 1 9 7 8 ~ )  (F ig .  6), and major phys ioyraph ic  f e a t u r e s  have been 
d e l i n e a t e d ,  d e s c r i b e d  and named by Bouma (1981 ) (Fig .  7 ) .  A s  can be seen on 
t h e  maps, t he  n o r t h e r n  p a r t  of lower Cook I n l e t  c o n t a i n s  an e l o n g a t e  t rough  
t h a t  b i f u r c a t e s  around Kalg in  I s l a n d  and c o n t a i n s  c l o s e d  depress ions .  The 
t rough  is  f l a n k e d  by shal low p l a t f o r m s  a d j a c e n t  t o  l and  on t h e  e a s t  and wes t  
s i d e s .  South of t h e  t rough  is  a t r i a n g u l a r - s h a p e d  p l a t e a u ,  and f a r t h e r  s o u t h  
is an a r c u a t e  o r  v-shaped ramp t h a t  connec t s  t h e  r e l a t i v e l y  shal low n o r t h e r n  
area with  the deeper  a r e a  t o  t h e  south .  The t o p  of t h e  ramp is  a t  about  70 m 
wa te r  depth ,  and t h e  base  is  a t  about  115 m. The c e n t r a l  p a r t  of s o u t h e r n  
lower Cook I n l e t  s l o p e s  r a t h e r  uniformly i n t o  She l ikof  S t r a i t .  To  t h e  east, 
t h e  bathymetry c o n t a i n s  a complicated a r r a y  of l o c a l  h ighs  and lows, b u t  t h e  
b a s i c  phys iograph ic  e lements  i n c l u d e  t r o u g h s  i n  Stevenson and Kennedy 
Ent rances  t h a t  a r e  s e p a r a t e d  by a s l o p e  around t h e  Barren I s l a n d s  and a r i d g e  
t o  t h e  s o u t h e a s t .  

SHALLOW STRUCTURES 

Shallow f o l d s  and faults i n  lower Cook I n l e t  were mapped mostly u s i n g  
30  k i l o j o u l e  s p a r k e r  r e c o r d s  (F ig .  8 ) .  D i f f i c u l t y  was encountered because  
sha l low sub-bottom m l t i p l e s  commonly obscure  geology i n  t h e  records .  
V a r i a b i l i t y  of t h e  appearance of s t r u c t u r e s  between a d j a c e n t  t r a c k l i n e s  makes 
c o r r e l a t i o n s  q u e s t i o n a b l e .  O v e r a l l ,  t h e r e  a r e  few sha l low s t r u c t u r e s  t h a t  can 
be c o n f i d e n t l y  i d e n t i f i e d  r e g i o n a l l y .  

The g e n e r a l  p a t t e r n  of near - sur face  f o l d i n g  i s  p a r a l l e l  t o  t h a t  nearby on 
l a n d  ( s e e  Magoon e t  a l . ,  1976).  The Augustine-Seldovia a r c h  marks a change i n  
t h e  n a t u r e  and d i r e c t i o n  of f o l d i n g .  North of t h e  a r c h ,  f o l d s  t r e n d  p a r a l l e l  
t o  t h e  a x i s  of t h e  i n l e t ,  whereas sou th  t h e y  a r e  o r i e n t e d  more t o  t h e  e a s t .  
F o l d s  are more d i s t i n c t  and s y m e t r i c a l  n o r t h  of t h e  a r c h  t h a n  south .  

F a u l t s  i n  lower Cook I n l e t  a r e  s h o r t  and n e a r l y  uniformly d i s t r i b u t e d ,  
e x c e p t  f o r  c o n c e n t r a t i o n s  near  t h e  Barren I s l a n d s  and between Auqust ine  I s l a n d  
and Cape Douglas. E s s e n t i a l l y  no c o r r e l a t i o n  of f a u l t s  can be made between 
t r a c k l i n e s ,  and t h e r e f o r e  f a u l t s  a r e  shown i n d i v i d u a l l y  i n  F i g .  8 a s  they were 
encounte red  on p r o f i l e s .  



Very few f a u l t s  offset t h e  s e a f l o o r  where a cover  of unconso l ida ted  
m a t e r i a l  e x i s t s ,  p robab ly  because s t r o n g  c u r r e n t s  r a p i d l y  e r a s e  such f e a t u r e s  
i n  t h e  non-cohesive sediment.  S u r f a c e  f a u l t s  mapped i n  Fig.  8 o f f s e t  uncon- 
s o l i d a t e d  sediment,  bu t  they may no t  reach  t h e  s e a f l o o r .  Subsur face  f a u l t s  
o f f s e t  f o l d e d  bedrock but n o t  t h e  o v e r l y i n g  unconso l ida ted  sediment.  

The a c t i v i t y  state of f a u l t s  i n  lower Cook I n l e t  is u n c e r t a i n .  Those 
t h a t  o f f s e t  unconso l ida ted  sediment have moved s i n c e  P l e i s t o c e n e  t ime, but 
t h e i r  most r e c e n t  movement is unknown. Recent a c t i v i t y  has  e v i d e n t l y  o c c u r r e d  
on the C a s t l e  Mountain f a u l t ,  a  s h o r t  d i s t a n c e  nor thwest  of t h e  i n l e t ,  a s  
shown by l i n e a t i o n s  and o f f s e t  of P l e i s t o c e n e  g l a c i a l  d e p o s i t s  (Evans e t  a l . ,  
1 9 7 2 ) .  A f t e r  t h e  1964 ea r thquake ,  F o s t e r  and Karlstrorn (1967)  mapped an 
e x t e n s i v e  zone of ground f i s s u r e s  a d j a c e n t  t o  t h e  s o u t h e a s t  margin of upper  
Cook I n l e t  and sugges ted  t h a t  the zone might be u n d e r l a i n  by an a c t i v e  
f a u l t .  Pulpan and Kien le  (1979) r e p o r t  some Linear  shal low s e i s m i c  t r e n d s  i n  
Cook I n l e t ,  b u t  no c o r r e l a t i o n s  wi th  known f a u l t s  have been made. 

STRATIGRAPHY 

Basement rocks  u n d e r l y i n g  lower Cook I n l e t  have been s t u d i e d  u s i n g  CDP 
se i smic- re f  l e c t i o n  data ( F i s h e r  and Magoon, 1978 ) . Three major r e f  l e c t o r s  
have been i d e n t i f i e d ,  and they have been i n t e r p r e t e d  a s  r e p r e s e n t i n g  
unconformi t i es  a t  t h e  base  of t h e  T e r t i a r y  sequence,  a t  t h e  base  of upper 
Cre taceous  rocks ,  and near  t h e  base  of upper J u r a s i c  s t r a t a .  These 
unconformi t i es  s e p a r a t e  f o u r  c y c l e s  of sed imenta t ion  and t ec ton i sm,  o c c u r r i n g  
i n  e a r l y  Mesozoic, l a t e  Mesozoic, e a r l y  Cre taceous ,  and l a t e  Cenozoic time. 

Basement rocks  a r e  t r u n c a t e d  by an e r o s i o n a l  unconformity,  l i k e l y  
produced by P l e i s t o c e n e  g l a c i e r s .  Above t h e  unconformity a r e  up t o  340 m of 
P l e i s t o c e n e  and Holocene unconso l ida ted  sediment compris ing s e v e r a l  b a s i n a l  
f e a t u r e s  t h a t  r e f l e c t  t h e  geometry of t h e  unconformity (F ig .  9; s e e  Bourn 
e t  al., 1978a) .  

The unconso l ida ted  sedimentary  sequence has  been d i v i d e d  i n t o  f o u r  
s e i s m i c - s t r a t i g r a p h i c  u n i t s  by Rappeport (1981 ).  The lowermost u n i t ,  up t o  
75-m t h i c k ,  i s  c h a r a c t e r i z e d  by i r r e g u l a r  and d i s c o n t i n u o u s  r e f l e c t o r s  i n  
s e i s m i c  p r o f i l e s  and i s  i n t e r p r e t e d  as being composed of u n s o r t e d  g l a c i a l  
d e b r i s  (e .g . ,  ground moraine) .  Over ly ing  t h i s  u n i t  is  a  t h i n  ( ( 3  rn) u n i t  
thought  t o  be a l a y e r  of g l a c i a l  outwash c o n s i s t i n g  of p o o r l y  s o r t e d  c o a r s e  
g r a v e l  and sand. The lower b u n d a r y  of t h i s  u n i t  is  a s t r o n g  r e f l e c t o r ,  b u t  
i n t e r n a l l y  no a c o u s t i c  s t r u c t u r e  is seen.  Next h i g h e r  i s  a u n i t  r ang ing  i n  
t h i c k n e s s  t o  about  20 m and c h a r a c t e r i z e d  by l a r g e  sandwaves, bo th  on t h e  
s e a f l o o r  and bur ied .  The sediment type is w e l l - s o r t e d  sand with some 
s h e l l s .  The uppermost u n i t ,  r a n g i n g  t o  over  75-m t h i c k ,  i s  c h a r a c t e r i z e d  
a c o u s t i c a l l y  by wel l -def ined,  con t inuous  h o r i z o n t a l  r e f l e c t o r s .  The lowes t  
r e f l e c t o r s  conform t o  t h e  under ly ing  s u r f a c e  a s  draped cover.  Rappeport  
(1981) i n t e r p r e t s  t h e  u n i t  as g lac iomar ine ,  g l a c i o f l u v i a l ,  o r  g l a c i o l a c u s t r i n e  
sand and s i l t y  sand. 



SUKFICIAL SEDIMENT 

T e x t u r e s  and composi t ions  of s e a f l o o r  sediment samples have been s t u d i e d  
i n  o r d e r  t o  d e f i n e  sediment t y p e s  and t o  draw c o n c l u s i o n s  r e g a r d i n g  sediment 
dynamics. T h i s  in fo rmat ion  has  environmental  a p p l i c a t i o n s  t o  e n g i n e e r i n g  
founda t ion  des ign  and t o  p r e d i c t i o n  of p o l l u t a n t  t r a n s p o r t  pathways and 
s t o r a g e  sites. 

T e x t u r a l  a n a l y s i s  of s u r f i c i a l  sediment shows t h e  area t o  be dominated 
by sand- and g r a v e l - s i z e  m a t e r i a l .  Mean g r a i n  s i z e  g e n e r a l l y  d e c r e a s e s  from 
n o r t h  t o  s o u t h  (Fig .  1 0 )  and shows c e r t a i n  a s s o c i a t i o n s  w i t h  bathymetry and 
physiography. The most abundant s i z e  c l a s s  i s  sand (0.0625 - 2 mm). Sediment 
c o v e r i n g  t h e  c e n t r a l  a r e a s ,  i n c l u d i n g  Cook P la t fo rm,  Cook Trough, Cook Ramp, 
North C h i n i t n a  P la t fo rm,  and n o r t h e a s t  She l ikof  Trough, c o n t a i n  g r e a t e r  t h a n  
8 0 %  i n  t h e  sand s i z e  f r a c t i o n  (Fig .  1 1  1. 

T h e  g r e a t e s t  amount of g r a v e l  s i z e  sediment ( > 2  mm) o c c u r s  t o  t h e  n o r t h ,  
i n  Cook Trough and on i ts s l o p e s ,  on North N i n i l c h i k  P la t fo rm,  and on t h e  
n o r t h e r n  s e c t i o n  of North N i n i l c h i k  P l a t f o r m  ( F i g .  12) .  Mud s i z e s  
((0.0625 mm) occur  l a r g e l y  i n  t h e  sou th  and a long t h e  i n l e t 1  s borders ,  
i n c l u d i n g  She l ikof  Trough, North Barren Ridge, Kennedy Ramp, C h i n i t n a  P l a t f o r m  
and a small b a s i n  west of Anchor P o i n t  (F ig .  13 1. 

Ternary diagrams of g r a i n  s i z e  p e r c e n t a g e s  were used t o  c l a s s i f y  sediment  
t y p e s  ( F i g .  14) .  D i v i s i o n s  w i t h i n  t h e  diagrams and sediment type  names were 
made t o  f i t  n a t u r a l  groupings  of our  d a t a  and a r e  m o d i f i c a t i o n s  of S h e p a r d ' s  
(1954)  and F o l k ' s  (1954)  c l a s s i f i c a t i o n  schemes. Samples w i t h  more t h a n  1% 
g r a v e l - s i z e  were l o c a t e d  on t h e  gravel-sand-mud t r i a n g l e  and all o t h e r s  were 
located on t h e  s a n d - s i l t - c l a y  t r i a n g l e .  Sediment t y p e s  were t h e n  p l o t t e d  on a 
map t o  show t h e i r  d i s t r i b u t i o n  (F ig .  1 5 ) .  

Grave l  w i t h  mud ( g r a v e l l y  mud, muddy sandy g r a v e l ,  and y r a v e l l y  muddy 
s a n d )  b l a n k e t s  t h e  b o r d e r s  of t h e  i n l e t ,  o c c u r r i n g  on e a s t e r n  South C h i n i t n a  
P la t fo rm,  wes te rn  North C h i n i t n a  P la t fo rm,  C h i s i k  Va l ley ,  nor thwes t  Cook 
Trough, South N i n i l c h i k  P la t fo rm,  Kennedy R a m p ,  and a  p o r t i o n  of Barren Slope.  

Sand wi th  g r a v e l  ( g r a v e l ,  sandy g r a v e l ,  and g r a v e l l y  s a n d )  o c c u r s  i n  t h e  
c e n t r a l  a r e a ,  cover ing  p a r t  of Cook Trough and i t s  s l o p e s ,  much of Cook 
P l a t e a u ,  Cook Ramp, North Barren Slope, North N i n i l c h i k  P la t fo rm,  and Kennedy 
Trough. 

Sand and s i l t y  sand t e n d  t o  be more s c a t t e r e d  i n  t h e i r  d i s t r i b u t i o n ,  
appear ing  on C h i n i t n a  P la t fo rm,  Cook P l a t e a u ,  t h e  s o u t h e r n  end of Cook Trough, 
N i n i l c h i k  P l a t f o r m  and n o r t h e r n  She l ikof  Trough. Sandy s i l t ,  being t h e  f i n e s t  
sediment,  i s  d e p o s i t e d  i n  She l ikof  Trough, t h e  d e e p e s t  p a r t  of t h e  i n l e t .  

Some s ingle-sample  anomalies e x i s t  w i t h i n  t h e  l a r g e r  f i e l d s  of uniform 
sediment t y p e  d e p i c t e d  i n  F i y u r e  15; f o r  example, t h e  smal l  a r e a  of s i l t y  sand 
j u s t  o f f  Anchor P o i n t .  I n  t h i s  p a r t i c u l a r  i n s t a n c e ,  t h e  anomaly can be 
exp la ined  by bathymetry because t h i s  sediment  occup ies  a  smal l  b a s i n  20 mete r s  
deeper  t h a n  t h e  su r rounding  sandy g r a v e l  p la t fo rm.  Other  s ingle-sample  



anomal ies  are not so easily e x p l a i n e d  and may be due t o  t h e  e x i s t e n c e  of local  
bedforms (e. g., sampling of a sand r ibbon  i n  an a r e a  g e n e r a l l y  covered w i t h  
g r a v e l ) ,  e r r o r s  i n  sampling or a n a l y s i s ,  o r  shor tcomings  i n  d i s t i n g u i s h i n g  
sediment types  w i t h  t e r n a r y  diagrams. 

S u r f a c e  m i c r o t e x t u r e s  on sand-s ize  q u a r t z  g r a i n s  were s t u d i e d  u s i n g  a  
scann ing  e l e c t r o n  microscope (Hampton e t  al., 1978).  T y p i c a l  g r a i n s  show 
f e a t u r e s  i n d i c a t i v e  of g lac ia l .  p r o c e s s e s ,  i n  most c a s e s  modif ied by chemical  
or mechanical  a c t i o n .  Gra ins  from a few a r e a s  i n  n o r t h e r n  lower Cook I n l e t  
a r e  c h a r a c t e r i z e d  by n e a r l y  u n a l t e r e d  g l a c i a l  m i c r o t e x t u r e s .  Samples from 
w i t h i n  t h e  a r e a  of l a r g e  sand waves a r e  c h a r a c t e r i z e d  by an abundance of 
mechanical  impact f e a t u r e s .  Other  p l a c e s ,  where bedforms are smal l  ox absen t ,  
chemical  a l t e r a t i o n  of g r a i n  s u r f a c e s  is c h a r a c t e r i s t i c .  

Compos i t iona l ly ,  t h e  d i s t r i b u t i o n  of c l a y  m i n e r a l s  (Hein e t  a l . ,  1979) 
and heavy m i n e r a l s  (F. Lee-Wong, USGS,  unpubl ished d a t a )  have been mapped. 
Two end-member c l a y  minera l  s u i t e s  can be i d e n t i f i e d  i n  lower Cook I n l e t .  
One is  r e l a t i v e l y  r i c h  i n  i l l i t e  and o c c u r s  mostly i n  the  wes t  and n o r t h  
(F ig .  17) .  The source  i s  thought  t o  be from t h e  S u s i t n a  River  t h a t  empt ies  
i n t o  t h e  head of Cook I n l e t .  The o t h e r  s u i t e  i s  r e l a t i v e l y  r i c h  i n  c h l o r i t e  + 
k a o l i n i t e  ( t h e  two m i n e r a l s  were no t  d i s t i n g u i s h e d )  and is  found i n  t h e  
s o u t h e r n  and e a s t e r n  a r e a s  (F ig .  1 8 ) .  T h i s  s u i t e  is d e r i v e d  from t h e  Copper 
River  i n  t h e  e a s t e r n  Gulf of Alaska. 

Heavy m i n e r a l  assemblages i n  Lower Cook I n l e t  a r e  dominated by 
hornblende,  hypers thene ,  and c l inopyroxene.  The most l i k e l y  sources  i n c l u d e  
t h e  igneous  a r c  t e r r a n e  of t h e  n o r t h e a s t  Alaska Range, reworked sedimentary  
r o c k s  from w i t h i n  t h e  i n l e t ,  and l o c a l  d r a i n a g e  systems. 

The s e a f l o o r  of lower Cook I n l e t  has  been molded i n t o  a wide v a r i e t y  of 
bedforms - morphologic f e a t u r e s  c r e a t e d  by f l u i d  f low over  an  unconso l ida ted  
sediment  bed. Numerous p u b l i c a t i o n s  have r e p o r t e d  on the  c l a s s i f i c a t i o n ,  
morphology, d i s t r i b u t i o n ,  and dynamics of t h e s e  f e a t u r e s  (e .g . ,  Bouma e t  al., 
1977a,b, 1978,a,b,  1979; 1980; Whitney e t  dl., 1979; Rappeport ,  1981; Orlando, 
i n  p r e p . ) .  Because they  r e f l e c t  h y d r a u l i c  c o n d i t i o n s  and modes of sediment 
t r a n s p o r t  t h a t  can a f f e c t  e n g i n e e r i n g  s t r u c t u r e s ,  and because they  a r e  s o  
widespread,  bedforms have i m p o r t a n t  environmental  i m p l i c a t i o n s  f o r  lower Cook 
I n l e t .  

L i s t e d  below are d e s c r i p t i o n s  of t h e  malor bedform t y p e s  t h a t  have been 
observed i n  lower Cook I n l e t .  

Sand waves (F ig .  19)  a r e  wavy accumulat ions  of sand w i t h  s t r a i g h t  o r  
s inuous  c r e s t s  o r i e n t e d  p e r p e n d i c u l a r  t o  c u r r e n t  flow. Wave h e i g h t s  range t o  
abou t  14 rn i n  lower Cook I n l e t ,  and wave l e n g t h s  range t o  about  950 m. Sand 
waves a r e  f u r t h e r  c l a s s i f i e d  a s  smal l  (wave Length less t h a n  20 m), medium 
(wave l e n g t h  20-100 rn) and l a r g e  (wave l e n g t h  g r e a t e r  than  100 rn). Length t o  
h e i g h t  r a t i o s  t y p i c a l l y  exceed 20 t o  1, b u t  r a t i o s  as l o w  as 10 t o  1 have been 
r e p o r t e d  (Kappeport ,  1981).  Small  and medium waves can be superimposed on 
l a r g e  ones,  and t h e y  a r e  a l s o  f o u n d  on o t h e r  bedforms such as sand r ibbons .  



R i p p l e s  (Fig .  2 0 )  a r e  s m a l l  wavy forms i n  sand w i t h  h e i g h t s  l e s s  t h a n  
about  10 em and wave l e n g t h s  less t h a n  abou t  20 cm. These s m a l l  bedforms a r e  
d e t e c t a b l e  on ly  w i t h  pho tograph ic  o r  t e l e v i s i o n  systems. 

Sand bands (Fig.  21)  are f i e l d s  of bedforms ( t y p i c a l l y  sand waves) t h a t  
a r e  e l o n g a t e  i n  t h e  d i r e c t i o n  of f low and a r e  r e l a t i v e l y  s h a r p l y  bounded by 
f i e l d s  of o t h e r  bedforms of d i f f e r e n t  size. Boundaries of a sand band may be 
s t r a i g h t  and p a r a l l e l ,  bu t  can a l s o  b i f u r c a t e .  

Sand r ibbons  ( F i g .  22) a r e  narrow, t y p i c a l l y  t h i n  ( ( 1  m ) ,  c u r r e n t -  
p a r a l l e l  bod ies  of sand o v e r l y i n g  hard  bottom ( s e e  below). Sand w i t h i n  t h e  
r ibbon  is commonly formed i n t o  smal l ,  t r a n s v e r s e  t o  o b l i q u e - t r e n d i n g  sand 
waves. 

Comet marks (Fig .  23) are scour  d e p r e s s i o n s  ex tend ing  down-current f r o ~ n  
o b s t r u c t i o n s  t o  f low, such a s  l a r g e  bou lders .  

Hard bottom (F ig .  24)  i s  more-or-less f l a t  s e a f l o o r  covered w i t h  c o a r s e  
sediment.  

The type  of bedform o c c u r r i n g  at a p a r t i c u l a r  p l a c e  depends on s e v e r a l  
f a c t o r s ,  i n c l u d i n g  sediment s i z e ,  wa te r  depth ,  and c u r r e n t  v e l o c i t y  (Southard,  
1971) .  Sediment a v a i l a b i l i t y  a l s o  is impor tan t ;  sand waves and sand bands 
form where sand supply is l a r g e ,  whereas sand r ibbons  and h a r d  bottom occur  
where sand supply is  r e s t r i c t e d .  

Figure 25  shows t h e  d i s t r i b u t i o n  of bedforms i n  lower Cook I n l e t  as 
mapped by Orlando ( i n  prep.  1. F i e l d  boundar ies ,  wave c r e s t  o r i e n t a t i o n s ,  
and i n f e r r e d  m i g r a t i o n  d i r e c t i o n s  a r e  shown. The d i s t r i b u t i o n  of bedforms 
d i s t i n g u i s h e s  t h o s e  a r e a s  where sand is  abundant from those  where it i s  no t .  
T h a t  is, sand waves and sand bands occur i n  t h e  c e n t r a l ,  g e n e r a l l y  deeper  
a r e a s  where sand is abundant;  f o r  example, Cook Trough, Cook P l a t e a u ,  and Cook 
Hamp. Sand r ibbons  and hard  bottorn occur  n e a r e r  t h e  margins where sand i s  n o t  
abundant; namely, on t h e  p l a t f o r m s .  

The l a r g e s t  sand waves, w i t h  heights up t o  14 m, axe found on upper Cook 
Hamp, i n  wa te r  depths from.80-110 m. Bur ied  l a r g e  sand waves have been 
observed  i n  s e i s m i c  r e f l e c t i o n  r e c o r d s  on t he  ramp. 

South of t h e  Ramp i n  She l ikof  Trouyh, where wa te r  dep ths  are g r e a t e s t ,  
bedforms a r e  g e n e r a l l y  a b s e n t  and t h e  s e a f l o o r  i s  smooth, a p p a r e n t l y  
r e f l e c t i n g  a  r e l a t i v e l y  l o w  energy h y d r a u l i c  regime. Numerous comet marks 
have been found t h e r e  (Whitney e t  d l . ,  19791, w i t h  o r i e n t a t i o n s  i n d i c a t i n g  
c u r r e n t  movement from e a s t  t o  west ,  f o l l o w i n g  t h e  a r c u a t e  p a t t e r n  of mean 
c i r c u l a t i o n  (Fig .  5 ) .  

SEUIMENTARY ENVIRONMENTS AND blODEI04 S E D I M E N T  TRANSPORT 

The f o r e g o i n g  in format ion  about  sediment ,  physiography,  and oceanography 
can be used t o  draw i r l f e rences  about  sediment dynamics i n  lower Cook Inlet. 
Areas over  which sedimentary  p r o c e s s e s  a r e  s i m i l a r  can be i d e n t i f i e d  a s  



d i s t i n c t  sedimentary  environments.  S p e c u l a t i o n  can be made abou t  t h e  condi- 
t i o n s  under which sediment i s .moved  and t h e  pathways it fo l lows .  

The present-day d i s t r i b u t i o n  of unconso l ida ted  sediment r e f l e c t s  t h e  
o r i g i n a l  d i s t r i b u t i o n  of P l e i s t o c e n e  g l a c i a l  d e p o s i t s  a s  modif ied by p o s t -  
t r a n s g r e s s i o n a l  reworking. Sand and f i n e r  m a t e r i a l  a r e  being removed from 
some g l a c i a l  d e p o s i t s ,  l e a v i n g  behind a c o a r s e  l a g .  Most winnowed sand i s  
r e d e p o s i t e d  e lsewhere  i n  t h e  i n l e t ,  whereas most of t h e  mud i s  c a r r i e d  i n t o  
She l ikof  S t r a i t  and t h e  Gulf of Alaska. Almost no new c o a r s e  sediment i s  
b e i n g  added, b u t  s i g n i f i c a n t  amounts of f i n e s  a r e  s u p p l i e d ,  e s p e c i a l l y  by 
r i v e r s  a t  t h e  head of Cook I n l e t .  

Energy l e v e l s  and d i r e c t i o n s  of f l u i d  motion a r e  h i g h l y  v a r i a b l e .  T h i s  
r e s u l t s  i n  a complicated d i s t r i b u t i o n  of sedimentary  environments,  b u t  
e r o s i o n a l ,  t r a n s p o r t a t i o n a l ,  and d e p o s i t i o n a l  t y p e s  can be d i s t i n g u i s h e d .  
T h e i r  l o c a t i o n s  a r e  d e f i n a b l e ,  a l though  i m p r e c i s e l y  because of t h e  s p a r s i t y  of 
d a t a .  

E r o s i o n a l  environments a r e  i d e n t i f i e d  where t h e  sediment type i s  c o a r s e  
g r a i n e d  and d e f i c i e n t  i n  f i n e s  ( e .  g., g r a v e l  and sandy g r a v e l ,  Fig.  IS), and 
t h e  s e a  bed i s  c l a s s i f i e d  a s  hard bottom wi th  t h e  common presence  of sand 
r i b b o n s  (Fig .  25 ) .  E r o s i o n a l  environments occur  where w a t e r  dep ths  a r e  sha l low 
and/ar  i n  r e s t r i c t e d  p a r t s  of t h e  i n l e t  where waves and t i d a l  c u r r e n t s  impar t  
s i g n i f i c a n t  stress on t h e  s e a f l o o r ;  s t r o n g  enough t o  remove much of t h e  mud 
and sand s i z e s  and p r e v e n t  d e p o s i t i o n .  Most of t h e  bed is  immobile. Quartz  
sand g r a i n s  l e f t  behind are f o r  t h e  l a r g e  p a r t  s h e l t e r e d  from i n t e n s e  
mechanical  o r  chemical  a c t i o n  and r e t a i n  t h e i r  o r i g i n a l  g l a c i a l  
micromorphology (Fig .  16 ) .  

T t a n s p o r t a t i o n a l  environments e x i s t  where current e n e r g i e s  a r e  s t r o n g  
enough t o  p u t  sand-s ize  sediment i n  motion as bed load ,  a t  l e a s t  p e r i o d i c a l l y ,  
and t o  p r e v e n t  accumulat ion of f i n e s  i n  t h e  bed m a t e r i a l .  These a r e a s  of 
mobile s u b s t r a t e  a r e  i d e n t i f i e d  by t h e  p resence  of a cont inuous  sandy cover ,  
medium-to-large sand waves and sand bands (Fiy. Z 5 ) ,  and dominant rnechanical- 
impact m i c r o t e x t u r e s  (F ig .  16) .  They occur  mostly i n  c e n t r a l  lower Cook 
I n l e t ,  g e n e r a l l y  where sand and g r a v e l l y  sand appear  on F igure  15. 

D e p o s i t i o n a l  environments a r e  t y p i f i e d  by having s i g n i f i c a n t  q u a n t i t i e s  
o f  mud i n  s e a f l o o r  sediment ( g r a v e l l y  mud, muddy sandy g r a v e l ,  g r a v e l l y  muddy 
sand, s i l t y  sand,  sandy s i l t ,  F ig .  15)  and occur  where c u r r e n t s  a r e  of low 
energy and t h e  bed is  consequent ly  immobile. Chemical m i c r o t e x t u r e s  t e n d  t o  
be dominant on q u a r t z  sand g r a i n s .  Two subenvironment t y p e s  can be 
d i s t i n g u i s h e d  on t h e  b a s i s  of sediment accumulat ion r a t e s .  Areas of low 
accumulat ion r a t e  s t i l l  show evidence o f  g l a c i a l  d e b r i s  on t h e  s e a f l o o r  (e, y . ,  
g r a v e l l y  mud, muddy sandy g r a v e l ,  g r a v e l l y  muddy s a n d ) ,  whereas i n  a r e a s  of 
r e l a t i v e l y  high a c c u ~ n u l a t i o n  r a t e  t h e  g l a c i a l  d e b r i s  has  been complete ly  
covered by a b l a n k e t  of sediment wi th  sand a s  t h e  c o a r s e s t  s i z e  grade ( s i l t y  
sand,  sandy s i l t ) .  D e p o s i t i o n a l  environments occur  near  t h e  boundar ies  of t h e  
i n l e t  (low sed imenta t ion  r a t e s  ) , where t h e  s e a f l o o r  i s  e v i d e n t l y  s h i e l d e d  f rum 
i n t e n s e  c u r r e n t s  even though wate r  dep ths  are shal low,  and i n  deeper  a r e a s  
s o u t h  of t h e  ramp ( h i g h e r  sed imenta t ion  r a t e s ) .  



Sediment t r a n s p o r t  i n  Cook I n l e t  i s  of course  governed by wate r  motion. 
T i d e s  produce the s t r o n g e s t  c u r r e n t s  (Muench and Schumacher, 1980),  b u t  mean 
and low frequency c i r c u l a t i o n  are s i g n i f i c a n t ,  e s p e c i a l l y  wi th  r e s p e c t  t o  
suspended load.  Bathymetry and geometry of t h e  i n l e t  e x e r t  a s i g n i f i c a n t  
i n f l u e n c e  on both  t h e  s t r e n g t h  and d i r e c t i o n  of c u r r e n t s ,  and consequent ly  on 
sediment movement. 

As noted i n  e a r l y  s t u d i e s  (Sharrna and B u r r e l l ,  19701, t h e  c o n s t r i c t i o n  of 
Cook I n l e t  nea r  Kalgin  I s l a n d  and t h e  f o r e l a n d s  produces  s t r o n g  c u r r e n t s  
t h e r e .  Winnowing takes p l a c e ,  and sediment is flushed southward. Sandy 
sediment accumulates  where t h e  i n l e t  widens and deepens,  t o  form t h e  major 
bedform f i e l d s  (F ig .  25). These f i e l d s  t e r m i n a t e  a t  Cook Ramp, which i s  t h e  
l e a d i n g  edge of a s o u t h e r l y  p rograd ing  sand body (Hampton e t  a l . ,  1978) .  

Migra t ion  of bedforms has  been d i s c u s s e d  by Bouma e t  a l .  (1978b, 1979 ), 
Whitney e t  a l .  (1979) ,  and Rappeport  (1981) .  Nearly a l l  sand waves and 
r i p p l e s  i n  lower Cook I n l e t  show shape asymmetry i n  t h e i r  l o n g i t u d i n a l  
p r o f i l e s ,  s u g g e s t i n g  t h a t  movement h a s  t a k e n  p l a c e  i n  t h e  d i r e c t i o n  of t h e  
s t e e p e s t  f a c e  (e.g., Allen ,  1968). Most l a r g e r  waves i n d i c a t e  n e t  s o u t h e r l y  
movement, i n  t h e  d i r e c t i o n  of ebb c u r r e n t s  (Fig.  2 5 ) .  R ipp les  have been 
observed  t o  r e v e r s e  o r i e n t a t i o n  wi th  t h e  t i d e s ,  bu t  no s i m i l a r  behavior  has  
been d e t e c t e d  for t h e  Larger bedf orms. 

Rappeport  (1981)  ana lyzed  c u r r e n t  v e l o c i t y  measurements t aken  over  a  
p e r i o d  of about  t h r e e  months i n  t h e  summer of 1978 and r e p o r t e d  t ha t  maximum 
c u r r e n t  speeds  were i n  the ebb d i r e c t i o n .  Also,  c u r r e n t  speeds  were g r e a t e s t  
a t  t h e  c r e s t  of a l a r g e  sand wave compared t o  t h e  t rough.  C u r r e n t s  exceeded 
t h e  t h e o r e t i c a l  t h r e s h o l d  v e l o c i t y  necessa ry  t o  i n i t i a t e  sediment t r a n s p o r t  
abou t  35% of t h e  time. T h i s  was suppor ted  by t e l e v i s i o n  o b s e r v a t i o n s  made a t  
t h e  s t a r t  of t h e  s tudy  p e r i o d ,  which showed t h a t  sediment movement took p l a c e  
only  d u r i n g  1  t o  1.5 hour around peak ebb and f l o o d  c u r r e n t s  (Bouma e t  a l . ,  
1979) .  

S e q u e n t i a l  bottom photographs  recorded  n e t  r i p p l e  m i g r a t i o n  of 10 cm i n  
t h e  ebb d i r e c t i o n  a t  a  l a r g e  sand wave c r e s t  and no d e t e c t a b l e  m i g r a t i o n  i n  
t h e  t rough  over  t h e  3-month p e r i o d  of c u r r e n t  measurements. Notably ,  t h i s  
p e r i o d ,  be ing  i n  t h e  s u m m e r ,  is  r e l a t i v e l y  q u i e s c e n t  compared t o  w i n t e r  when 
l a r g e  s torms occur and compared t o  s p r i n g  when mel twater  adds  t o  f low o u t  of 
t h e  i n l e t .  Moreover, t h e  p e r i o d  of o b s e r v a t i o n  d i d  no t  i n c l u d e  peak s p r i n g  
t i d e ,  t h e  t ime of g r e a t e s t  energy d u r i n g  a t i d a l  cyc le .  So, t h e  observed 
r i p p l e  movements may be near  t h e  annual  minimum. 

Rappeport  (1981)  c a l c u l a t e d  sediment t r a n s p o r t  r a t e s  and deduced t h a t  t h e  
l a r g e s t  sand waves (wave h e i g h t s  i n  meters ,  r a v e  l e n g t h s  i n  hundreds of 
m e t e r s )  might migra te  only  30-40 crn/yr, o r  one wave l e n g t h  i n  500-600 y e a r s .  
This slow r a t e  was c o r r o b o r a t e d  i n  a s tudy  by Whitney e t  a l .  (1979) by 
comparing sand wave p o s i t i o n s  on side-scan sonoyrahps t a k e n  f o u r  years  a p a r t  
over  c o i n c i d e n t  t r a c k l i n e s .  N o  n e t  movement y r e a t e r  t h a n  10 rn ( t h e  p r e c i s i o n  
of t h e  comparison) cou ld  be d e t e c t e d .  



Two a l t e r n a t i v e  conc lus ions  can be drawn from t h e s e  s t u d i e s .  E i t h e r  t h e  
sand waves a r e  n e a r l y  i n a c t i v e  under t h e  p r e s e n t  h y d r a u l i c  regime and t h e i r  
morphology is  r e l i c t  from a lower p o s i t i o n  of s e a  l e v e l ,  o r  t h e  sand waves 
move s i g n i f i c a n t  amounts today b u t  only d u r i n g  p e r i o d s  of extreme c u r r e n t  
c o n d i t i o n s ,  such as during l a r g e  s torms or s p r i n g  r u n o f f .  

The f o r e g o i n g  d i s c u s s i o n  a p p l i e s  p r i n c i p a l l y  t o  bed-load motion. 
Suspended l o a d  has  been s t u d i e d  by Hein e t  a l .  (1979) ,  Fee ly  and Massoth 
(unpubl i shed  d a t a ) ,  and Burbank (1977) .  C l a y  minera l  s u i t e s  i d e n t i f y  two main 
s o u r c e s  f o r  t h e  suspended load: t h e  S u s i t n a  River a t  t h e  head of Cook I n l e t  
and t h e  Copper River  i n  t h e  e a s t e r n  Gulf of Alaska. The Copper River  s u i t e  
moves i n t o  Cook I n l e t  wi th  t h e  Kenai C u r r e n t  (Schumacher and Reed, 1980), 
moving n o r t h  toward Homer and west  toward SheLikof S t r a i t .  The S u s i t n a  River  
s u i t e  moves south a l o n g  t h e  west  s i d e  of t h e  i n l e t ,  mixing w i t h  sone of the 
Copper River  s u i t e  and c o n t i n u i n g  around Cape Douglas i n t o  She l ikof  S t r a i t .  
C o n c e n t r a t i o n s  of suspended m a t t e r  a r e  g r e a t e r  on t h e  west s i d e  of t h e  i n l e t  
t h a n  on t h e  e a s t .  

The two c l a y  minera l  s u i t e s  can be i d e n t i f i e d  both  i n  t h e  wa te r  column 
and i n  bottom sediment.  Observa t ions  by Fee ly  and Massoth (unpubl i shed  data) 
and  by Bouma e t  a l .  (1979)  show t h a t  s i g n i f i c a n t  r esuspens ion  of t h i s  f i n e -  
g r a i n e d  sediment  from t h e  s e a f l o o r  o c c u r s  d u r i n g  peak ebb and f l o o d  c u r r e n t s .  
S t o r a g e  of suspended-load m a t e r i a l  on t h e  s e a f l o o r  is  only  temporary a t  t h e  
l o c a t i o n s  where o b s e r v a t i o n s  were made (Cook P l a t e a u ,  i n  Kachemak Bay, and 
n e a r  Kalgin  I s l a n d ) .  

ENVIRONMENTAL ASSESSMENT 

The a v a i l a b l e  geo log ic  in format ion  points  o u t  s e v e r a l  f e a t u r e s  and . 

p r o c e s s e s  t h a t  can a f f e c t  r e s o u r c e  development i n  lower Cook I n l e t .  However, 
o i l  and gas development has been conducted s a f e l y  f o r  s e v e r a l  y e a r s  i n  
a d j a c e n t  upper Cook I n l e t ,  which s h a r e s  s i m i l a r  c o a s t a l  and marine env i ron-  
ments. 

Se i smic  a c t i v i t y  c e r t a i n l y  poses  the major environmental  r i s k .  Lower 
Cook I n l e t  is i n c l u d e d  i n  s e i s m i c  r i s k  zone 3,  d e f i n e d  as a r e a s  s u s c e p t i b l e  t o  
e a r t h q u a k e s  exceeding magnitude 6 and where .major s t r u c t u r a l  damage cou ld  
occur  (Evans e t  a l . ,  1972) .  Damage can e i t h e r  be caused d i r e c t l y  by ground 
shaking,  s u r f a c e  f a u l t i n g ,  o r  s u r f a c e  warping and i n d i r e c t l y  by ground f a i l u r e  
o r  t sunamis .  

The r e c u r r e n c e  i n t e r v a l  of g r e a t  earthquakes (M >7.8) i n  the Cook I n l e t  
a r e a  has been e s t i m a t e d  from a minimum of 33 y e a r s  (Sykes,  1971) t o  a  maximum 
of 800  y e a r s  (PLafker and Rubin, 1967) .  These ea r thquakes  a r e  genera ted  i n  
t he  shal low t h r u s t  zone, l e s s  t h a n  30 km deep, a s s o c i a t e d  with p l a t e  
convergence.  Deeper ea r thquakes ,  wi th  f r e q u e n t  e v e n t s  i n  t h e  magnitude 5- 
6 range,  show c l u s t e r s  beneath  I l iamna,  Douglas, and August ine  volcanoes  
(Pulpan and Kien le ,  1979 ). I n t e n s e  shal low e v e n t s  a s s o c i a t e d  wi th  v o l c a n i c  
e r u p t i o n s  have a l s o  been recorded. 



The l a s t  great ear thquake  t o  affect t h e  i n l e t  occur red  i n  1964, and 
c o n s i d e r i n g  t h e  minimum e s t i m a t e d  r e c u r r e n c e  i n t e r v a l ,  ano ther  from t h e  same 
s o u r c e  a r e a  may happen a r i n g  t h e  l i f e t i m e  of an o i l -p roduc ing  province.  The 
Shumagin s e i s m i c  gap d i r e c t l y  t o  t h e  w e s t  is a n o t h e r  source  a r e a  p r e d i c t e d  f o r  
a  n e a r - f u t u r e  g r e a t  ea r thquake  (Pulpan and Kien le ,  1979). So, a l though  t h e  
t i m i n g  of d e s t r u c t i v e  ea r thquakes  cannot  be p r e d i c t e d  p r e c i s e l y ,  they must be 
c o n s i d e r e d  a t h r e a t  dur ing  r e s o u r c e  development i n  lower Cook I n l e t .  

The 1964 A l a s k a  ear thquake caused t e c t o n i c  warping of t h e  e a r t h ' s  s u r f a c e  
o v e r  a broad region.  Maximum u p l i f t  of 15 meters was r e p o r t e d  i n  t h e  e a s t e r n  
Gulf of Alaska (Malloy and Merrill, 1972). General  subs idence  o c c u r r e d  i n  and 
around lower Cook I n l e t ,  t o  a  maximum of 1.3 m ( P l a f k e r ,  1972) .  Along Homer 
S p i t ,  sediment f a i l u r e  and c o n s o l i d a t i o n  augmented t h e  subs idence  t o  a  t o t a l  
of nearly 2 m, submerging l a r g e  a r e a s  of l and  (Wal ler ,  1965 1. 

D e t a i l s  of t h e  e f f e c t s  of large ea r thquakes  o f f s h o r e  i n  Cook I n l e t  a re  
unknown, b u t  no sediment s l i d e s  o r  major shal low f a u l t s  have been found i n  our 
su rveys ,  and they a r e  n o t  cons idered  t o  be a  s i g n i f i c a n t  problem. Our 
knowledge of unconso l ida ted  sediment t y p e s  i s  l i m i t e d  t o  near - sur face  samples, 
and it i s  p o s s i b l e  t h a t  e n g i n e e r i n g  test d r i l l i n g  w i l l  r e v e a l  l o c a l  s u b s u r f a c e  
sediment  l a y e r s  t h a t  cou ld  l i q u e f y  d u r i n g  a  seismic even t .  Never the less ,  
ground shak ing ,  t e c t o n i c  ground warping, and perhaps  tsunamis  appear  t o  be t h e  
lnajor o f f s h o r e  concerns  from s e i s m i c  a c t i v i t y .  

The f o u r  a c t i v e  volcanoes  l o c a t e d  i n  and around lower Cook I n l e t  ( F i g .  1 )  
a r e  a n d e s i t i c  and can have v i o l e n t  e r u p t i o n s .  Severe  danger from l a v a  f lows,  
nuee a r d e n t e s ,  o r  l a h a r s  is probab ly  r e s t r i c t e d  t o  l a n d  and c o a s t l i n e  a r e a s  
around t h e  volcanoes ,  a l thouyh  i n  t h e  u n l i k e l y  e v e n t  of a Krakatoan e r u p t i o n  
of i n s u l a r  Mt. Augustine,  major e f f e c t s  cou ld  be f e l t  a t  sea .  Abras ive  and 
c o r r o s i v e  e f f e c t s  of a sh  f a l l s  from t y p i c a l  e r u p t i o n s  can ex tend  r e g i o n a l l y  
and be a  nuisance,  i f  n o t  a major danger,  t o  o f f  s h o r e  o p e r a t i o n s .  A 

d e s t r u c t i v e  tsunami a s s o c i a t e d  w i t h  t h e  1883 e r u p t i o n  of Auqustine r e p o r t e d l y  
h i t  t h e  e a s t  s i d e  of t h e  i n l e t  (Evans e t  a l . ,  19721, and s i m i l a r  t sunamis  
c o u l d  a f f e c t  c o a s t a l  a r e a s  i n  t h e  f u t u r e .  

The v a r i o u s  sediment t y p e s  i n  lower Cook I n l e t  appear  t o  p o s s e s s  good 
f o u n d a t i o n  p r o p e r t i e s .  Geo techn ica l  t e s t s  have n o t  been run t o  determine 
s h e a r  s t r e n g t h  and c o n s o l i d a t i o n  behavior ,  b u t  t h e  coarse -gra ined  n a t u r e  of 
t h e  sediment ( t y p i c a l l y  w i t h  smal l  amounts of c l a y ) ,  t h e  g e n e r a l  low accumu- 
l a t i o n  r a t e s ,  and t h e  low s e a f l o o r  s l o p e s  throughout  most of t h e  a r e a  imply 
f a v o r a b l e  e n g i n e e r i n g  c o n d i t i o n s .  N o  geo log ic  evidence of g r a v i t a t i o n a l l y  
u n s t a b l e  s l o p e s  o r  s o f t ,  underconso l ida ted  sediment has  been found. AS 
mentioned p r e v i o u s l y ,  s u b s u r f a c e  l a y e r s  of l i q u e f i a b l e  s i l t  o r  f i n e  sand m y  
e x i s t  t h a t  cou ld  cause  s t r e n g t h  l o s s  o r  abnormal c o n s o l i d a t i o n  d u r i n g  a n  
ea r thquake ,  bu t  t h e i r  p resence  can only be determined by d r i l l i n g .  

Environmental  p r o b l e ~ n s  may arise i n  a s s o c i a t i o n  wi th  sediment dynamics. 
C u r r e n t s  a r e  v a r i a b l e  i n  t h e  i n l e t  and can e x e r t  s t r o n g  forces on t h e  sea£  l o o r  
d u r i n g  peak p e r i o d s  of t i d a l  a c t i v i t y ,  e s p e c i a l l y  when auymented by s t o r n -  
g e n e r a t e d  waves and s e t u p .  The sand wave f i e l d s  are of p a r t i c u l a r  i n t e r e s t .  
Migra t ion  of t h e  l a r g e  sand waves cou ld  cause  removal of suppor t  from 



s t r u c t u r e s  o r  a p p l i c a t i o n  of unexpected loads .  Migra t ion  r a t e s  a r e  m o s t  
l i k e l y  n e g l i g i b l e  d u r i n g  normal c o n d i t i o n s ,  a s  determined by two independent  
s t u d i e s  (Rappeport ,  1981; Whitney e t  a l . ,  19791, but s h o r t - l i v e d  extreme 
c o n d i t i o n s  might induce s i g n f i c i a n t  movement because sediment t r a n s p o r t  r a t e  
i n c r e a s e s  wi th  t h e  t h i r d  power of m a n  c u r r e n t  v e l o c i t y  (e .g . ,  see Bagnold, 
1963 ). The l a t t e r  p o s s i b i l i t y  could  be t e s t e d  by making o b s e r v a t i o n s  of sand 
waves over  long t ime p e r i o d s  t h a t  i n c l u d e  high-energy even t s .  Observa t ions  t o  
date have n o t  done this. 

I r r e s p e c t i v e  of sand wave migra t ion ,  e r o s i o n  and consequent undermininy 
of s t r u c t u r a l  founda t ions  o r  p i p e l i n e s  is p o s s i b l e  i n  t h o s e  a r a s .  Peak t i d a l  
c u r r e n t s  have been shown t h e o r e t i c a l l y  (Kappeport ,  1981) and by d i r e c t  
o b s e r v a t i o n  (Bourn e t  a l . ,  1979 ) t o  induce g e n e r a l  motion of t h e  sandy bed, 
even dur ing  less-than-maximum t i d a l  range and calm weather  c o n d i t i o n s .  
Although the  normal regime i s  t r a n s p o r t a t i o n a l ,  w i t h  i n s i g n i f i c a n t  change i n  
s e a f l o o r  e l e v a t i o n ,  c o n s t r i c t i o n  of c u r r e n t s  around o b s t a c l e s  can l e a d  t o  
l o c a l  e r o s i o n  ( s e e  Posey, 1971; Wilson and Abel, 1973).  Geopfes t  (1969) 
r e p o r t e d  t h r e e  i n s t a n c e s  of p i p e l i n e  f a i l u r e  i n  upper Cook I n l e t  when 
l o c a l i z e d  e r o s i o n  led t o  v o r t e x  shedding and consequent v i b r a t i o n  of t h e  p i p e s  
t o  f a i l u r e .  

L o c a l i z e d  e r o s i o n  a l s o  can be expected i n  o t h e r  a r e a s  of lower Cook 
I n l e t .  Areas of s e a f l o o r  where wa te r  dep th  is less t h a n  abou t  50 rn e x p e r i e n c e  
f o r c e s  from s torm waves t h a t  can erode sand, accord ing  t o  c a l c u l a t i o n s  made by 
Kappeport (1981) .  Even where t h e  sedimentary  environment has  been c l a s s i f i e d  
a s  d e p o s i t i o n a l ,  such as i n  She l ikof  Trough, t h e  p resence  of comet marks 
(Whitney e t  a l . ,  1979) a t t e s t s  t h a t  e r o s i o n  around o b s t a c l e s  takes p l a c e .  I n  
t h e  e r o s i o n a l  sedimentary  environments common i n  n o r t h e r n  lower Cook I n l e t ,  
c u r r e n t s  a r e  s t r o n g  enough t o  winnow sand and probably  some g r a v e l  s i z e  
g rades ,  but e r o s i o n  of s u f f i c i e n t  rrugnitude t o  cause  e n g i n e e r i n y  problems is  
l i k e l y  determined by l o c a l  g r a i n  s i z e .  Large c l a s t s  might p rov ide  g e n e r a l  bed 
immobi l i ty  even under s e v e r e  c o n d i t i o n s .  

Another a s p e c t  of high-energy sediment t r a n s p o r t  is abrasion of 
s t r u c t u r a l  components. V i s s e r  (1969)  r e p o r t e d  c o n s i d e r a b l e  a b r a s i o n  due t o  
high s i l t  c o n c e n t r a t i o n s  i n  upper Cook I n l e t  waters, and s i m i l a r  e f f e c t s  from 
r a p i d l y  moving bed load  might be encountered i n  t h e  lower i n l e t .  

Minera l  g r a i n s  i n  t h e  suspended load can adsorb p o l l u t a n t s  such a s  
s p i l l e d  o i l .  The f a t e  of t h e  adsorbed p o l l u t a n t s  the reby  i s  determined by t h e  
f a t e  of t h e  suspended load.  Cons ider ing  t h e  s o u r c e s  of suspended m a t e r i a l  
(Hein e t  a l . ,  19781, p o l l u t a n t s  o r i y i n a t i n y  e i t h e r  from within t h e  i n l e t  o r  
o u t s i d e  ( i . e . ,  t h e  e a s t e r n  Gulf of Alaska) m i g h t  have e f f ec t s  i n  lower Cook 
I n l e t .  

Yeely e t  al. (1978) determined that suspended p a r t i c l e s  i n  lower Cook 
I n l e t  can accommadate up t o  11% t h e i r  weight  i n  Cook I n l e t  crude o i l  and 
concluded t h a t  such p o l l u t a n t s  cou ld  be d i s t r i b u t e d  throughout  t h e  i n l e t  
be fore  s e t t l i n g  t o  t h e  s e a f l o o r .  Sediment t h a t  remains i n  suspens ion  long 
enough would be swept i n t o  She l ikof  S t r a i t ,  where t h e  sedimentary  regime i s  
mainly d e p o s i t i o n a l  (Hampton e t  a l . ,  1981) and long-term s t o r a g e  would 



result. ~ l t e r n a t i v e l y ,  some might experience long-term storage in the quiet 
bays along the borders of the inlet. Across most of the lower Cook Inlet 
seafloor, temporary incorporation into the sediment bed might take place. 
But, the periodic resuspension of fines that has been observed by Bouma et al. 
(1979)  and by Feely and Massoth (unpublished data) indicates eventual removal 
to more permanent storage sites. 
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T a b l e  I .  Location (c lesrees  h r i n u t e s )  P sra in  s i r e  (aeisht e e . r c e n t ) ,  
z n b  m e a n  size ( p h i  u n i t s )  f c ~  lower C o o s  Inlet s e d i m e n t  
samples. 

Sta. Latitude 
2 59 37.55 
3 60 5.36 
4 GO 5.45 
5 60 4.70 
G 99 19.02 
7 59 16.24 
8 59 10.69 
9 59 41.60 

1 0  59 41.25 
1 1  5934.50 
12 5334.60 
13 59 25.75 
1 4  59 30.00 
15 59 31.08 
1G 5923.20 
17 59 20.70 
18 59 12.15 
19 58 56.25 
r)F) 
L A  58 51.20 
--I 
LLI 58 55.70 
24 58 58.49 
25 59 3.20 
26 59 8.10 
27 53 26 .30  
28 59 21. J S  
29 58 14.98 
50 59 16.G5 
33 59 26.35 
3 4  59 36.55 
25 59 37.35 
36 59 41.50 
37 59 46.30 
39 59 40.75 
41 15936.25 
4 2  59 36.20 
43 59 136.63 
44 59 35.25 
45 59 34.80 
4G 59 44.40 
48 60 0.50 
$9 59 56.00 

IS0 59 4.55 
152 59 37.21 
300 59 34.96 
302 59 36.13 
303 59 33.45 
305 59 30.80 
JOG 53 30.75 
310 59 30.98 

Lonsi  t u d e  
-151 18.17 
-152 34.13 
-152 34.54 
-152 33 .83  
-153 41.45 
-153 3 2 . : 2  
-153 44.10 
-152 3G.10 
-152 34.90 
-152 35.90 
-152 36.10 
-152 56.09 
-152 46.01 
-152 54.00 
-153 6.60 
-152 53.50 
-152 44.80 
-152 23.3G 
-152 24.90 
-152 3 4 . 3 0  
-152 31.11 
-152 31.20 
-152 22.10 
-152 20.70 
-152 25.9(1 
-152 28.i5 
-152 2:.7Q 
-152 12.49 
-151 52.00 
-152 14.30 
-152 13.00 
-151 13.t:)(> 
-151 57.15 
- 1 5 1 5 c . (1) (1) 
-151 45.GC1 
-151 22.07 
-152 22.9::) 
-152 3E.10 
-152 32.05 
-152 22.4G 
-152 3.90 
-152 49.5(3 
-152 29.08 
-152 2.66 
-152 18.23 
-152 35.15 
-152 3o.00 
-152 33.00 
- 152 30  " (:>a 

Sand 
2.46 
41.07 
39.63 
29.83 
62.29 
51 "87 
19.95 
68.12 
35.55 
56.99 
76.73 
35.69 
90.22 
66.21 
7 $ .  74 
94.07 
21.89 
79.92 
58.84, 
BE. 52 
9 (1 . I (1) 
84.12 
94.131 
9 3 . 4 0  
82.05 
99.72 
92.91 
87.82 
E36.4G 
63.46 
31.34 
62.15 
55.63 
90.70 
32 92 
3 -3.57 .. 
i37.71 
91.79 
8 9 . 1:) 3 
3 7 . 2 0  
22 .27  
79.53 
93.71 
89.88 
98.82 
98.17 
99.26 
99.18 
9 8 . (:I O 

Silt 
51.80 
13.55 
9.28 

25.03 
29.05 
31.8'7 
4 0 "  4s 
18.F32 
9.12 
5.74 

11.GG 
3.25 
3.38 
9.24 

ir.es 
4.43 

5 9 . (3 8 
4.99 

12.15 
3.72 
5.34, 
4.89 
3.27 
0 . (:I (_s 
0.84 
0 . 1 9 
0.56 
0 . 3 2  
1 
3.76 
0.95 
0.91 
7.03 
i .a2 
5.79 

48.75 
1.11 
i) - 99  
1.34 

40.5 r 
0 . 6 7 

16.52 
0 . 2 5  
1.36 
O.GI 
!:I . 6 0 
0.54 
0 . 6 8 
0 . 6 2  

C l a r  
45.74 
4.G4 
2.43 
6.80 
6.34 

11.13 
9.45 
7.29 
2.55 
2 . 2 (:I 
4.26 
0.83 
1.62 
3.79 
4.27 
(3.91 
19.03 
4.13 

10.71 
3.72 
4.45 
4 .53  
1 .4.G 
(3.00 
0.14 
C) * 0 (1 
0 .  i i  
0.2i1 
9 - 5 0  
1 . G 5  
0. G 1 
0.25 
2 .28  
C) .26 
1 . 3 

19.95 
0.28  
0 . 2 5  
0 . 3 E! 

16.71. 
(:I . I G 
3.95 
0 . 0 4  
0.82  
0.33 
0 .62  
0.12  
0.13 
(1. QG 

M e a n  
size 
7.72  
1 .08 
0.42 
1.87 
3.27 
3.70 
3.07 
2.76 
0.28 
0.72 
2.15 
1.71 
1.62 
1.51 
2 . 0 2  
1.76 
5.78 
1 .G9 
2.32 
1.86 
2.11 
I .BE 
1.73 
1 .27  
Q . 9 El 
1.51 
1.31 
1.12 
1.59 
(:I n 7 2 

-0 .75 
0 .28  
0 . 7 5 
1.57 
1.87 
5 .33  
1.1s 
1.22  
1.27 
4.55 

-1.15 
2.58 
l"51 
1.35 
1.55 
1.36 
1.52 
1.54 
1.49 



Table 1. ( 

S t a .  Latitude 
312 59 30.12 
314 59 27.54 
315 59 25.71 
316 59 21.93 
318 59 9.90 
310 59 13.59 
320 59 17.64 
321 59 22.81 
322 59 31.09 
323 59 30.88 
326 59 32.80 
327 59 33.84 
404 59 31.17 
405 59 28.21 
406 59 27.42 
407 58 52 .67  
408 58 52.48 
409 58 55-62 
410 58 55.33 
411 58 53.89 
412 58 52.39 
414 59 27.27 
416 59 46.30 
418 59 41.70 
419 59 39-86 
420 59 38.95 
421 59 45.06 
422 59 49.74 
423 59 50.14 
424 59 54.65 
425 54 59.88 
426 GO 0.62  
427 59 50.09 
426 59 49.97 
429 59 49.88 
430 53 49.11 
cl 53 0.00 
c4 59 O.OO 

. C S  59 0.00 
c10 53 10.00 
cll 59 8.00 
c12 59 10.00 
~ 1 3  59 1o.oo 
c 1 4  59 10.30 
c15 59 10.00 
clG 59 1D.cjO 
c 1 6  59 10.(30 
c19 59 15.50 
c 2 0  59 16.00 
c 2 3  59 16.30 
~ 2 . 4  59 56.00 
c25 59 15.90 

Lonsi t u d e  
-152 31.02 
-152 38.32 
-153 19.25 
-153 13.73 
-152 38.54 
-152 39.46 
-152 39.93 
-152 3Ef.00 
-152 30.35 
-152 38.EG 
-152 25.31 
-152 25.01 
-153 7.59 
-153 11.82 
-152 38.04 
-152 55.38 
-152 56.02 
-152 56.98 
-152 57.52 
-152 58.33 
-152 57.85 
-152 33.23 
-152 29.05 
-152 26.07 
-152 20.65 
-152 45.07 
-152 45.22 
-152 37.93 
-152 29.51 
-152 14.61 
-152 3.18 
-151 59.84 
-151 55.z1 
-152 6.75 
-152 14.G3 
-152 20,10 
-152 0.00 
-152 30.00 
-152 40.00 
-152 14.00 
-152 20.00 
-152 24.00 
-152 34.00 
-152 45.00 
-152 54.00 
-153 4.00 
-153 23.70 
-152 10.70 
-152 22.50 
-152 49.50 
-152 2.0(3 
-153 8 . 5 0  

San J 
93.10 
61.32 
30.14 
54.65 
92.6'7 
90. S2 
98.28 
99.84 
50.61 
97 .89  
71.64 
79.55 
46 . 03 
G3.19 
8 4 . 4 0 
22.21 
23.52 
3(1.69 
22 .62  
2G.51 
21.83 
96. G 9  
13.48 
78.75 
55.15 
(58.48 
98.74 
34.82 
33.09 
8E.09 
17.41 
44.85 
49.86 
17.13 
58.42 
9G. 34 
12.92 
55.12 
94.62 
39.96 
43.56 
45.08 
41.14 
84.76 
99.45 
80.20 
99.37 
98. €33 
94.97 
52.26 
85.34 
96.90 

Silt 
1.32 
0, (10 
41.12 
20.8  1 
3.G7 
0.94 
1.28 
0.14 
0.51 
1.36 
i"1-9 
0.56 
30.12 
15.85 
11.16 
50.42 
52.08 
47.79 
52.16 
48.79 
53.70 
0.43 
1.71 
O.G1 
1.75 
0.26 
0.85 
7.03 
6.23 
0.44 
37.52 
Z.El 
1.29 
i *97  
2 .  ,717 
0.61 
1.39 
18.75 
3.32 
47.30 
42.90 
43.19 
10.63 
0.77 
0.48 
0.99 
0.55 
1 .(I3 
2.45 
0.13 
1.16 
2.14 

Mean 
size 
1 , 4.9 
0.15 
4 . 3 s  
3.16 
1.81 
1.. 26 
1.56 
1.51 
1.24 
1.59 
0.64 
0.84 
4.84 
2.68 
2.18 
G .(I9 
5.8G 
5.48 
5.89 
5.77 
5.92 
1.43 

-1.35 
0.84 
0.19 
0.43 
1.55 
0.21 
0 .22  
1.13 
2.04 
-0. IG 
-(].I2 
-1.18 
0.37 
1.44 

-1.42 
2.25 
1.67 
4.64 
4.45 
4.43 
0.93 
1.07 
1.53 
0.93 
1.53 
1.56 
1.GG 
1.24 
1.12 
1.68 



Table 1. (continued) 

Sta. Latitude 

c26  59 15.80 
c 2 9  59 22.00 
c3O 59 22.10 
c 3 3  59 22.70 
c 3 4  59 23.00 
c 4 0  59 34.00 
c 4 1  59 33.00 
c 4 2  59 33.00 
c 4 3  59 33.00 
c 4 4  59 33.00 
c 4 5  59 33.00 
c 4 6  59 33.06 
12513 59 37.00 
c57 53 46.00 
c 5 8  59 46.10 

L o n s i  t u d e  
-153 20.0O 
-152 10.00 
-152 22 .20  
-153 7.313 
-153 7.GO 
-151 44.00 
-151 54.(3(3 
-152 4.00 
-152 2.00  
-152 14.00 
-152 24.(30 
-152 34.00 
-153 2.00 
-152 2.00 
-152 13.00 

Grav. 

1.75 
3 .23  
0.00 
0 . 0 0 
0.59 
1.74 
7.89 
7.32 
0 .  (59 
0 . 0 0 
0.57 
0 . 0 9 
0.00 
0 . 0 0 
0.00 

Sand 
36.84 
95.41 
59.40 
99. i9 
97.40 
75.51 
69.95 
70.09 
46.92 
59.23 
85.92 
89.58 
77.11 
45.82 
8 1 . 4 0  



FIGURE CAPTIONS 

1. Loca t ion  map, Cook I n l e t ,  Alaska. 

2. S e i s m i c - r e f l e c t i o n  p r o f i l i n g  t r a c k  l i n e s .  a )  1976, b) 1977, c) 1978, 
d) 1979, el d e t a i l  of 1979. 

3.  Sediment sample l o c a t i o n s .  

4. Regional  geo log ic  f e a t u r e s .  (From Magoon e t  aL., 1979. ) 

5. Regional  mean flow p a t t e r n .  (From Muench and Schumacher, 1980.) 

6. Bathymetry. (From Bouma e t  al., 1978.) 

7. Phys iograph ic  f e a t u r e s .  (From Bouma, 198 1. ) 

8. Shallow f o l d s  and f a u l t s .  (From Bouma and Hampton, 1976.) 

9. Thickness  of unconso l ida ted  sediment.  Contours  i n  m i l l i s e c o n d s  of two- 
way t r a v e l  time. Acous t i c  v e l o c i t y  of unconso l ida ted  sediment has  n o t  
been determined,  b u t  probably  i s  about  1800 m/sec. (From Bouma e t  a l . ,  
1978a. ) 

10 .  Mean g r a i n  s i z e  of sediment samples,  i n  p h i  u n i t s .  

11. P e r c e n t  sand-s ize  ( 2  - 0.0625 mrn; -1 - 4 p h i )  g r a i n s  i n  sediment samples.  

12. P e r c e n t  g r a v e l - s i z e  ( g r e a t e r  than  2 mm; g r e a t e r  t h a n  -1 p h i )  g r a i n s  i n  
sediment samples.  

13. P e r c e n t  mud-size ( l e s s  t h a n  0 .0625  mm; l e s s  t h a n  4 p h i )  g r a i n s  i n  
sediment samples.  

14. Ternary p l o t s  of g r a i n - s i z e  c l a s s e s  ( i n  weight  p e r c e n t s ) .  Upper diagram 
i n c l u d e s  samples wi th  g r e a t e r  t h a n  1% g r a v e l ;  lower diagram i n c l u d e s  
samples w i t h  less than  1% grave l .  

15. a) D i s t r i b u t i o n  of sediment types .  b) D e f i n i t i o n  of sediment t y p e s .  

16. D i s t r i b u t i o n  of m i c r o t e x t u r e s  and bedforms. M i c r o t e x t u r a l  types  are 
l i s t e d  i n  o r d e r  of d e c r e a s i n g  abundance. C a p i t a l  l e t t e r  denoted abundant 
occur rence  of a t e x t u r e .  Under l ine  deno tes  dominance of a p a r t i c u l a r  
m i c r o t e x t u r e  throughout  a sample. Lower-case l e t t e r s  i n  p a r e n t h e s e s  
denote  minor occurence of a  mic ro tex tu re .  (From Hampton e t  a l . ,  1978) 

17. Weight p e r c e n t  i l l i t e  i n  c l a y  f r a c t i o n  of sediment samples. (From Hein 
et a l . ,  1979) 

18. Weight p e r c e n t  c h l o r i t e + k a o l i n i t e  i n  c l a y  f r a c t i o n  of sediment samples. 
(From Hein e t  a l . ,  1979. ) 



19. Side-scan sonographys of a )  large sand waves (wave length  g r e a t e r  than 
100 m), with secondary small bed forms and b) medium (wave l eng ths  
between 20-100 m) and small  (wave lengths  l e s s  than  20 m )  sand waves. 
(From Orlando, i n  prep. 1 

20. Sea-floor photographs showing r i p p l e s .  (From Orlando, i n  prep.) 

21. Side-scan sonographs of sand  bands, Note b i fu rca t ions .  (From Orlando, 
i n  prep.) 

22. Side-scan sonographs of sand ribbons. (From Orlando, i n  prep . )  

23. Side-scan sonographs of comet masks. Tails of comet marks point down- 
cu r r en t .  (From Orlando, i n  prep. ) 

24. Side-scan sonograph (a) and sea-f loor  photograph ( b )  of hard bottom. 
(From Orlando, i n  prep.) 

25. D i s t r i b u t i o n  of bed forms. (From Orlando, in prep . )  
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E X P L A N A T I O N  

0 Small sand wave fields A > 2 0  meters \\\\ Sand ribbons 

::y--+-j Medium sand wave fields ;C 2 0 - 1 0 0  meters Iff f Comet morks 

--- '. ,, Large sand wave fields 1 < 100rneters %=:: Boulders 

Sand waves Flat f i e l d , l ~ t t l e  rellef 

> Sand waves with superimposed Bedform --, Bedform orientation reflecting 
net current flow 

%q Sand bands 
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